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Freshly harvested mature-green ‘Sensation’ mangoes were dipped for 10 min in 2 mM salicylic acid (SA) and
0.2 mM melatonin (MT) alone or in combination and stored at 23%1°C and 60-70%RH. SA or MT delayed
ripening measured as higher green peel color (lower a* values), firmness, titratable acidity (TA) and
membrane stability index (MSI) and lower weight loss, total soluble solids (TSS), TSS/TA ratio and hydrolytic
enzyme activities (polygalacturonase, xylanase and a-amylase) compared to that of untreated fruit. Total
phenolic content (TPC) in peel of treated fruit increased with fluctuations during ripening and was higher
than the control. In pulp, TPC decreased up to 6 days but increased thereafter, and was higher in treated
fruit than the control. Total flavonoid content (TFC) in the peel decreased while that in the pulp increased
with fluctuations during ripening and was higher in treated fruit than the control. Vitamin C content
decreased during ripening and was not affected by the treatments. DPPH radical scavenging capacity (RSC)
in peel decreased during ripening and was higher in treated fruit than the control. However, RSC in pulp
increased during ripening and was not affected by treatments, except for SA plus MT treatment that gave
higher RSC than the control after 6 and 10 days. Polyphenoloxidase (PPO) activity increased during ripening
and was lower in treated fruit than the control. Peroxidase (POD) activity increased during ripening and was
higher in treated fruit than the control. SA and MT combination treatment provided no additional positive
effects on most parameters. It is concluded that postharvest dipping in 2 mM SA or 0.2 mM MT delayed
ripening and improved quality of ‘Sensation’ mangoes via inhibiting hydrolytic enzymes and enhancing
antioxidant system of fruit and are suggested as natural alternative to synthetic chemicals.

Keywords: Mangifera indica L., Shelf life, Physicochemical changes, Antioxidant system

Abbreviations: SA —salicylic acid, MT —melatonin, TA —titratable acidity, MSI—membrane stability index, TSS—total
soluble solids, TPC—total phenolic content, TFC—total flavonoid content, RSC—radical scavenging capacity,
PPO—polyphenoloxidase, POD —peroxidase, Abs—absorbance

INTRODUCTION facilitate transportation and marketing (Terry and Joyce
2004; Yashoda et al. 2006; Zhang et al. 2013; Awad et al.

2017; Al-Qurashi and Awad 2018; Liu et al. 2020). In
Saudi Arabia, considerable postharvest loss occurs in
mangoes including Sensation cultivar, one of the most
commercially grown cultivars, due to inappropriate
postharvest handling which favors rapid softening during
ripening (Awad et al. 2017; Al-Qurashi and Awad 2018).
Salicylic acid (SA) is a plant hormone (Raskin 1992) that
received attention in postharvest research due to its anti-
ripening and anti-browning properties (Shah 2003; Wang
and Li 2008). Zeng et al. (2006) found that 1 mM SA
vacuum infiltration (-80 kPa) for 2 min plus 10 min at

Mango fruits (Mangifera indica L.) are very popular
among consumers due to its high nutritional value, health
benefits and distinctive flavor (Sivakumar et al. 2011).
Like other climacteric fruits, mango ripening is promoted
by ethylene. Following harvesting, pre-climacteric mature
hard-green stage fruit ripens rapidly within only a few
days at ambient conditions (Mitra and Baldwin 1997;
Sivakumar et al. 2011). Accordingly, regulation of fruit
ripening and maintenance of quality after harvest using
safe natural compounds are alternative approaches to
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normal pressure reduced anthracnose incidence and
severity in ‘Matisu’ inoculated ~ with
Colletotichum gloeosporioides by activating a number of
antioxidant defense enzymes. Pre-storage dipping in
2 mM SA decreased chilling injury incidence and
enhanced antioxidant system of ‘Zill’ mangoes during
storage at 5 or 14°C plus 5 days at 25°C (Ding et al. 2007).
SA treatment (0.5, 1, 2 or 5 mM) induced resistance
against anthracnose and maintained firmness via

mangoes

inhibiting pectin degradation of ‘Tainong’ mangoes (He et
al. 2017). Postharvest dipping in 1.5 or 2.0 mM SA
delayed ripening and maintained vitamin C and reduced
decay of ‘Rangkuai’ mangoes at ambient conditions
(Mandal et al. 2018). (N-acetyl-5-
methoxytryptamine, MT) was identified in plants in 1995
(Hattori et al. 1995) and subsequently considered as a
phytohormone-like signal molecule possessing several
physiological and antioxidant properties (Arnao and
Hernandez-Ruiz 2015 and 2018). MT affects plant growth
and development processes including seed germination,
flowering, fruit maturation and ripening as well as stress
tolerance (Arnao and Hernandez-Ruiz 2015 and 2018;
Zhang et al. 2018; Xu et al. 2019; Wang et al.2020; Liu et al.
2020). Postharvest MT treatment (0.05 to 0.5 mM) has
been reported to inhibit ethylene, delay ripening and
maintain quality of banana fruit (Hu et al. 2017). MT
dipping treatment (0.1 mM) down-regulated the
expression of PcACS1, PcACO1 and PcPG genes in pears,
resulting in delayed ripening and reduced physiological
disorders (Zhai et al. 2018). However, to the best of our
knowledge, there are only two studies that were very
recently published on MT effects on mangoes ripening. In
the first study, MT dipping at 1 mM for 3 min maintained
quality and antioxidant capacity of mangoes (an
unknown cultivar) during 4 weeks at 15°C (Rastegar et al.
2020). The second study showed that MT dipping at
0.5 mM for 1 h modulated ripening of ‘Guifei’ mangoes at
ambient conditions via inhibiting ethylene and ABA
biosynthesis (Liu et al. 2020). Therefore, the current study
aims to evaluate the response of ‘Sensation” mangoes to
postharvest dipping in SA at 2 mM or MT at 0.2 mM
either alone or in combination as an attempt to regulate
ripening and improve quality at ambient conditions.

MATERIALS AND METHODS

Plant Materials and Experimental Procedure

Melatonin

During the growing season of August, 2020, uniform
samples of ‘Sensation” mangoes were harvested at mature
hard-green stage from a commercial orchard in Jizan
region (17.4751° N, 42.7076° E), Saudi Arabia. The fruits
were packed in perforated carton (20 fruits each) and
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transported to the postharvest laboratory at King
Abdulaziz University in Jeddah within about 5 h at 15°C.
Fruit of uniform size, weight (150-200 g/fruit) and color
and free of visual defects were selected for this
experiment.

Fruit Treatments

Fruit of each treatment/replicate were drenched for 10
min in water (control), salicylic acid (2 mM) or melatonin
(0.2 mM) solutions either alone or in combination. A
wetting agent, Tween 20 (1 mL L), was added in SA and
MT solutions. Mangoes were air dried for 1 h, weighed,
and stored at 23+1°C and 60-70% (RH) in perforated
cartons for 10 days. A separate three replicates (5 fruit
each) for each treatment were stored at the same
conditions and periodically weighed (at 0, 3, 6, and 10
days) for weight loss expressed in percentage. At the
beginning of storage (0 day) and after 3, 6. and 10 days of
ripening, additional three samples (5 fruit each) were
randomly collected for initial quality and biochemical
measurements as detailed below. Following peel color
and pulp firmness measurements, samples of both pulp
and peel were collected, sliced, and stored at —80°C for
total phenol and flavonoid contents, antioxidant capacity,
and enzyme activity measurements. Additional portions
of fruit pulp were used for TSS, TA, and vitamin C
determinations.

Peel Color

Peel color was measured in 5 randomly selected fruits per
replicate by using a Minolta Chroma Meter CR-410
(Minolta Camera Co. Ltd., Osaka, Japan). The values of
L* a* and b* were measured in the middle of each of the
five fruit/ replicate. Chroma = (a>+b?)” represented the
hypotenuse of a right triangle with values ranging from
0 = least intense to 60 = most intense. The chroma values
indicated the saturation of the color.

Firmness, TSS, TA and Vitamin C Measurements
in Fruit Pulp

Pulp firmness of fruit was measured in 5 fruits (two
opposite measurements in the middle of each fruit) per
replicate using a digital force gauge, model BFG 50N
(Mecmesin, Sterling, Virginia, USA) with a probe of
11 mm diameter and the results were expressed in
Newtons. A homogeneous sample was prepared from
these 5 fruits per replicate for measuring TSS, TA, and
vitamin C contents. TSS content was measured in fruit
pulp juice with a digital refractometer (Pocket
Refractometer PAL 3, ATAGO, Japan) and expressed in
percentage. TA was determined in distilled water-diluted
fruit juice (1:2) by titrating with 0.1N sodium hydroxide
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up to pH 8.2 using an automatic titrator (HI 902, HANNA
Instrument, USA) and the results were expressed in
percentage of citric acid. Vitamin C was measured by
titrating the juice sample with freshly prepared dye
solution of 2,6-dichlorophenol-indophenol until the color
turned pink color and the results were expressed in g kg
on a fresh weight (FW) basis (Ranganna 2000).

Membrane Stability

Membrane stability was measured in peel disks according
to Awad et al. (2017) and was expressed in membrane
stability index percentage (MSI %). Three grams of peel
disks per replicate/treatment were randomly taken and
placed in 30 mL of deionized water at ambient
temperature for 4 h in a shaker. Conductivity before
boiling (C1) was measured with an electrical conductivity
digital meter (Orion 150A+, Thermo Electron Corporation,
USA). The same disks were kept in a boiling water bath
(100°C) for 30 min to release all electrolytes, cooled to
22+2°C with running water, and conductivity after boiling
was recorded (C2). MSI was expressed in percentage
using the formula:

[1-(C1/C2)] x 100
Preparation of Methanol Extract of Peel and Pulp

TPC and TFC contents, RSC, and enzymes activities were
also measured in the fruit peel since the biochemical
changes in the peel reflect the ripening and senescence
status of the whole fruit including the pulp. In addition, it
is well known that the peel contains a much higher level
of antioxidant substances and enzymes than the pulp
since it represents the first line of defense against biotic
and abiotic stresses that ultimately affect fruit quality and
ripening attributes. Two grams of fruit peel and pulp
(randomly collected from 5 fruits/replicate) were
extracted by shaking at 150 rpm for 12 h with 20 ml
methanol (80%) and filtered with Whatman No. 1 paper.
The filtrate designated as methanol extract was used for
total phenols, total flavonoids, and antioxidant activity
estimations.

Estimation of Total Phenol and Flavonoid
Contents

TPC was measured according to Hoff and Singleton
(1977). Fifty puL of the methanol extract was mixed with
100 pL Folin - Ciocalteu reagent, 850 uL of methanol, and
allowed to stand for 5 min at ambient temperature. Five
hundred pL of 20% sodium carbonate was added and
allowed to react for 30 min. Absorbance was measured at
750 nm. TPC was quantified from a calibration curve
obtained by measuring the absorbance of known
concentrations of gallic acid and the results were
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expressed as g kg'FW gallic acid equivalent. TFC was
determined using a modified colorimetric method
described previously by Zhishen et al. (1999). Methanol
extract or standard solution (250 pL) was mixed with
distilled water (1.25 mL) and 5 % NaNO: solution (75 uL).
After standing for 6 min, the mixture was combined with
10% AICIs solution (150 pL), 1 M NaOH (0.5 mL) and
distilled water (275 uL) were added to the mixture 5 min
later. The absorbance of the solutions at 510 nm was then
measured. TFC was quantified from a calibration curve
obtained by measuring the absorbance of known
concentrations of catechin and the results expressed as g
kg'FW catechin equivalent.

Evaluation of DPPH Radical Scavenging Capacity
of Peel and Pulp

Free radical scavenging activity of methanol extract of
peel and pulp was determined using the 1,1-diphenyl-2-
picrylhydrazyl (DPPH) method (Ao et al. 2008). A
methanol extract (0.1 mL) was added to 0.9 mL of freshly
prepared DPPH methanol solution (0.1 mM). An equal
amount of methanol was used as a control. After
incubation for 30 min at room temperature in the dark,
the absorbance (Abs) was measured at 517 nm using a
spectrophotometer. ~ Scavenging activity (%) was
calculated using the following formula:

DPPH radical scavenging % = [(Abs control — Abs
sample)/Abs control] x 100

The inhibition concentration (ICs0) was defined as pg
phenolics of the test sample that decreases 50% of initial
radical. The ICso values were calculated from the dose
responses curves.

Enzymes Measurements of Peel and Pulp
Crude Extract

One gram of fruit peel and pulp (randomly collected from
5 fruit/ replicate) was homogenized with 20 mM Tris-HCl
buffer, pH 7.2 using homogenizer. The homogenate was
centrifuged at 10,000 rpm for 10 min at 4°C. The
supernatant was designed as crude extract and stored at
-20°C for peroxidase, polyphenoloxidase,
polygalacturonase, xylanase, and a-amylase assays.

Polyphenoloxidase Assay

PPO (EC 1.14.18.1) activity was assayed with catechol as a
substrate according to the spectrophotometric procedure
of Jiang et al. (2002). The crude extract (0.2 mL) was
rapidly added to 2.8 mL of 20 mM catechol solution
prepared in 0.01 M sodium phosphate buffer (pH 6.8).
The increase in absorbance at 400 nm was recorded for 3
min using a spectrophotometer. One unit of enzyme
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activity was defined as the amount of the enzyme that
causes a change of 0.1 in absorbance per min under
standard assay conditions.

Peroxidase Assay

POD (EC 1.11.1.7) activity was assayed according to
Miranda et al. (1995). The reaction mixture in one mL
contained the following: 8 mM H:02, 40 mM guaiacol,
50 mM sodium acetate buffer, pH 5.5 and 0.1 mL crude
extract. The change in absorbance at 470 nm due to
guaiacol oxidation was followed for 1 min using a
spectrophotometer. One unit of peroxidase activity was
defined as the amount of enzyme that increases the O.D.
by 1.0 per min under standard assay conditions.

Polygalacturonase, a-amylase and Xylanase Assays

PG (EC 3.2.1.15), a-amylase (EC 3.2.1.1) and xylanase (EC
3.2.1.8) activities were assayed by determining the
liberated reducing end products using galacturonic acid,
maltose and xylose, respectively as standards (Miller
1959). The reaction mixture (0.5 mL) contained 5 mg
substrate, 0.25 mL of 0.2 M sodium acetate buffer, pH 5.5
and 50 pL of crude extract. Assays were carried out at
37°C for 1 h. Then 0.5 mL dinitrosalicylic acid reagent was
added to each tube and heated in a boiling water bath for
10 min. After cooling to room temperature, the
absorbance was measured at 560 nm. Substrates used
were polygalacturonic acid, starch and xylane for PG,
a-amylase and xylanase, respectively. One unit of enzyme
activity was defined as the amount of enzyme which
liberated 1 uM of reducing sugar per min under standard
assay conditions.

Statistical Analysis

The experiment was laid in a Completely Randomized
Design with three replicates per treatment. Analysis of
variance (ANOVA) was done using the statistical package
software SAS (SAS Institute Inc., 2000, Cary, NC., USA).
Comparisons between means were made by the Least
Significant Difference (LSD) at P < 5%.

RESULTS AND DISCUSSION

Fruit quality is determined both by physical (especially
firmness) and biochemical parameters including pigments
(color), TSS, TA, and TSS/TA ratio as well as antioxidants
content that contribute to their health value and
marketability. As climacteric fruit, mango exhibits high
metabolic activities leading to rapid softening associated
with an increase in TSS and a decrease in TA during
ripening at ambient conditions (Sivakumar et al. 2011).
Thus, the use of natural compounds such as SA and MT
to regulate fruit ripening and reduce postharvest losses
are explored. In the current study, there were significant
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interaction effects between treatments and ripening
periods on all of the parameters, thus we passed over the
main effects and focused instead on the interactions. In
addition, the combination treatment of SA and MT did
not result in significant difference in most of the
parameters compared to SA or MT treatment alone.

Peel Color

Peel color is an important quality parameter that
influences marketability. The color
parameters L*, a* b*, and chroma values of peel increased
during ripening and were significantly lower in MT- and
SA-treated fruit than the control (Fig. 1). The increase in
L* b* and chroma values during ripening indicates an
increase in lightness, yellowness and vividness in color of
fruit peel, respectively. The gradual increase of a* value
during ripening reflects chlorophyll degradation possibly
by the action of chlorophyllase, as well as to the
accumulation of carotenoid and xanthophyll pigments

mango  fruit

which lead to decrease of greenness and/or increasing
redness (Baez-Sanudo et al. 2009). Rastegar et al. (2020)
recorded an increase in a* value of mango fruit peel
during cold storage but with no significant effects for MT
treatment compared to the control. In contrast, MT
treatment slowed the changes in L* and a* values and
delayed senescence of litchis (Zhang et al. 2018) and
increased L* values of strawberries during cold storage
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Fig. 1. The interaction effects between treatments (2 mM
salicylic acid (SA), 0.2 mM melatonin (MT) alone or in
combination (SA+MT) and control (CO)) and ripening
period on peel color parameters L* (A), a* (B), b* values (C)
and chroma (D) of ‘Sensation’ mangoes during 10 days of
ripening at 23+1°C and 60-70% RH. Values are means * SD
from three replicates (n = 3). Statistical analysis was
performed using LSD test at P < 5%.
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compared to the control (Liu et al. 2018). The results with
postharvest SA dipping at 2 mM conformed with that of
‘Flordaking” peaches wherein higher skin luminosity and
lower a* values than control were obtained during cold
storage (Tareen et al. 2012). In addition, SA-treated
strawberries showed lower a* values than the control
during cold storage (Shafiee et al. 2010).

Weight Loss

Weight loss gradually increased during ripening reaching
4.48% in the control after 10 days and was significantly
lower in treated fruit than the control particularly after 6
and 10 days. The lowest weight loss (3.88%) was obtained
in MT-treated fruit (Fig. 2). Weight loss is a critical quality
parameter that reflects freshness of fruit. It is well known
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that both transpiration and respiration contribute to fruit
weight loss during ripening (Narayana et al. 1996; Razzaq
et al. 2015). Our results validated those of He et al. (2017)
and Mandal et al. (2018) where SA treatment reduced
weight loss during ripening at ambient conditions.
Regarding MT effects, our results are in agreement with
those of Rastegar et al. (2020) on an unknown mango
cultivar during cold storage, and Liu et al. (2020) on
‘Guifei’ mangoes during ripening at ambient conditions.

Firmness, MSI, and Hydrolytic Enzymes

Firmness sharply decreased during ripening and was
higher in treated fruit than the control especially after 3
and 6 days. After 6 days, fruit firmness was almost
double in treated fruit compared to the control. However,
after 10 days, only MT-treated fruit
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retained significantly higher firmness
B (7.5 N) than the control (4.4 N) (Fig. 2).
MSI of fruit peel sharply decreased
during ripening and was significantly
higher in all treatments than the control
(Fig. 2). Firmness is also a critical quality
factor that determines mango fruit
ripening, storability, transportation and
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Fig. 2. The interaction effects between treatments (2 mM salicylic acid
(SA), 0.2 mM melatonin (MT) alone or in combination (SA+MT) and control
(CO)) and ripening period on weight loss (A), firmness (B), membrane
stability index (MSI) (C), total soluble solids (TSS) (D), titratable acidity (TA)
(E) and TSS/TA ratio (F) of ‘Sensation’ mangoes during 10 days of ripening
at 23+1°C and 60-70% RH. Values are means * SD from three replicates
(n = 3). Statistical analysis was performed using LSD test at P < 5%.

PG activity in peel was higher after 3
and 6 days than initial in the SA and MT
combination treatment and the control
followed by a sharp decrease after 10
days (Fig. 3a). MT-treated fruit exhibited
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higher PG activity than initial only after 6 days but
sharply decreased thereafter. The treated fruit showed
lower PG activity than the control after 3 and 6 days. On
the other hand, PG activity in pulp increased particularly
in the control after 3 and 6 days, while SA treatment was
similar to the initial value (Fig. 3b). However, after 10
days, PG activity in both peel and pulp sharply decreased
in all treatments, except for the control that remained
constant. Xylanase activity in peel increased after 3 and 6
days, except for MT after 3 days, and SA combined with
MT that remained constant (Fig. 3c). In the pulp, xylanase
activity similarly increased after 3 and 6 days, except for
SA alone or combined with MT after 3 days, and MT
alone or combined with SA treatments after 6 days, that
remained constant (Fig. 3d). However, after 10 days,
xylanase activity in both peel and pulp sharply decreased
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in all treatments during ripening and was significantly
lower in treated fruit than control. During ripening on the
3rd and 6th day, a-amylase activity of peel and pulp
increased in all treatments (Fig. 3e) except for the pulp of
fruits subjected to MT alone or combined with SA
treatments (Fig. 3f). However, after 10 days, a-amylase
activity sharply decreased in all treatments in both peel
and pulp and was significantly lower in treated fruit than
control.

The rapid decrease in fruit firmness and MSI during
ripening is possibly due to disassembly and/or
depolymerization of the cell wall pectin matrix and
hemicelluloses by hydrolytic enzyme action under the
control of ethylene and ABA (Brummell 2006; Cao et al.
2018; Xiao et al. 2019). In the current study, PG, xylanase,
and a-amylase activities in both peel and
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Fig. 3. The interaction effects between treatments (2 mM salicylic acid
(SA), 0.2 mM melatonin (MT) alone or in combination (SA+MT) and control
(C0O)) and ripening period on activities of polygalacturornase (PG) in peel
(A) and pulp (B), xylanase in peel (C) and pulp (D) and a-amylase in peel
(E) and pulp (F) of ‘Sensation’ mangoes during 10 days of ripening at
23+¥1°C and 60-70% RH. Values are means * SD from three replicates
(n = 3). Statistical analysis was performed using LSD test at P < 5%.

fruit than the control only after 10 days
(Fig. 2d). SA in combination with MT
treatment resulted in lower TSS than the
other treatments including the control. TA
decreased during ripening and was
significantly higher in treated fruit after
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6 and 10 days than the control (Fig. 2e). TSS/TA ratio
significantly increased during ripening and was lower in
treated fruit, after 6 and 10 days than the control (Fig. 2f).
The combination treatment of MT and SA had lower TSS/
TA ratio than other treatments including control after 6
and 10 days.

The observed changes in TSS might be attributed to
the reduction in a-amylase activity during ripening by
MT and SA treatments. The increase in TSS and TSS/TA
ratio and the decrease in TA reflects mango ripening
advancement and the conversion of starch into simple
sugars mainly by the action of hydrolytic enzymes (Kittur
et al. 2001). MT retarded the increase in TSS, and retained
TA of ‘Guifei’ mangoes during ripening at ambient
conditions (Liu et al. 2020). On the other hand, Rastegar et
al. (2020) reported that TSS increased and TA decreased
during cold storage but with no significant effect of MT
on an unknown mango cultivar. In addition, MT
treatment showed no significant effect on TSS and TA
contents of strawberries during storage (Liu et al. 2018).
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Our results confirmed those of Mandal et al. (2018) where
SA-treated ‘Rangkuai’ mangoes exhibited lower TSS and
TSS/TA ratio and higher TA than the control during 15
days of ripening at ambient conditions. Also, SA
treatment maintained TSS and delayed the decrease in TA
in ‘Zill' mangoes (Hong et al. 2014) and in ‘Chausa’
mangoes during cold storage (Barman and Asrey 2014).

Antioxidant Compounds and Activity

TPC in peel increased after 3 and 6 days during ripening
and was higher in treated fruit than the control, but
decreased thereafter (Fig. 4a). In the pulp, TPC decreased
after 3 and 6 days, and was higher in treated fruit than the
control, but increased thereafter (Fig. 4b). TFC in the peel
initially decreased followed by fluctuating trends
although treated fruit retained higher level than the
control after 3 and 6 days (Fig. 4c). In the pulp, TFC
increased followed by fluctuating trends as in the peel in
the case of treated fruit, and values were higher than the
control particularly after 3 and 6 days (Fig. 4d). SA and
MT combination treatment exhibited higher TFC than
other treatments including the control after 3 and 6 days.
Vitamin C content decreased during ripening and was not
affected by the treatments (Fig. 4e). RSC in peel decreased
(higher DPPH ICso values) during ripening and was
higher (lower DPPH ICso values) in treated fruit than the
control (Fig. 5a). However, in the pulp, RSC increased
during ripening and was not affected by treatments,
except for SA and MT combination that gave higher RSC
than the control after 6 and 10 days (Fig. 5b).

Mangoes are important sources of antioxidants
including phenolics, flavonoids, carotenoids and vitamins
(Sivakumar et al. 2011). Such antioxidants protect fruit
against oxidative stress and pathogen attacks as well as
their levels determine fruit health value. However, fruit
ripening and senescence are considered as oxidative
processes in which the transition from maturation to

0.55 =8 CO —A—SA —¥—MT —©—SA+MT

E

o
Qn
1=}

14
~
[}

14
s
=)

2
w
@

2
W
=}

Vitamin C (g Kg1 Fw)

LSD g5 = 0.04
|

o
I
G

T T
0 3 6 10
Time (days)

Fig. 4. The interaction effects between treatments (2 mM
salicylic acid (SA), 0.2 mM melatonin (MT) alone or in
combination (SA+MT) and control (CO)) and ripening period
on total phenol (TPC) in peel (A) and pulp (B), total
flavonoid (TFC) in peel (C) and pulp (D) and vitamin C in
pulp (E) contents of ‘Sensation’ mangoes during 10 days of
ripening at 23t1°C and 60-70% RH. Values are means + SD
from three replicates (n = 3). Statistical analysis was
performed using LSD test at P < 5%.
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Fig. 5. The interaction effects between treatments (2 mM
salicylic acid (SA), 0.2 mM melatonin (MT) alone or in
combination (SA+MT) and control (CO)) and ripening period
on DPPH radical scavenging capacity (RSC) in peel (A) and
pulp (B) of ‘Sensation’ mangoes during 10 days of ripening
at 23+x1°C and 60-70% RH. Values are means * SD from
three replicates (n = 3). Statistical analysis was performed
using LSD test at P < 5%.
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ripening/senescence is accompanied by a progressive
shift toward an oxidative state due to antioxidant system
reduction (Goulao and Oliveira 2008). The patterns of
changes in TPC and TFC especially in mango fruit pulp
as well as the positive effects of MT treatment in
retaining higher antioxidant compounds than the control
are in conformity with those of Rastegar et al. (2020) on
other mango cultivars and of Zhang et al. (2018) on
litchis. SA treatment has been shown to increase and/or
retain TPC and TFC in four mango cultivars including
‘Sensation’ during normal ripening at ambient conditions
(Prasad and Sharma 2018) and in ‘Chausa’” mangoes
during cold storage followed by 3 days of shelf life
(Barman and Asrey 2014). Our results on vitamin C
content partially contradicted with those of Junmatong et
al. (2015) and (Mandal et al. 2018) in which SA treatment
of other mango cultivars retained higher vitamin C than
the control during ripening at ambient conditions. Also,
MT-treated mangoes at higher dose (1 mM) retained
higher vitamin C than the control during cold storage
(Rastegar et al. 2020). Our results on RSC partially
contradict with those of Rastegar et al. (2020) in which
RSC decreased in mango fruit pulp treated or not with
MT during cold storage, but at the end of storage MT
treated fruit showed higher RSC than control.

PPO and POD

PPO activity in both peel and pulp greatly increased
during ripening and was significantly lower in treated
fruit than the control (Fig. 6a, b). MT-treated fruit
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Fig. 6. The interaction effects between treatments (2 mM
salicylic acid (SA), 0.2 mM melatonin (MT) alone or in
combination (SA+MT) and control (CO)) and ripening period
on activities of polyphenoloxidase (PPO) in peel (A) and
pulp (B) and peroxidase (POD) in peel (C) and pulp (D) of
‘Sensation’ mangoes during 10 days of ripening at 23+1°C
and 60-70% RH. Values are means * SD from three
replicates (n = 3). Statistical analysis was performed using
LSD test at P < 5%.
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showed the lowest PPO activity in the peel after 3 and 6
days. POD activity in fruit peel increased up to 3 days in
all treatments including the control (Fig. 6c). After 6 and
10 days, POD activity gradually decreased in the control
fruit with no significant changes in the treated fruit,
except for SA treatment that showed higher POD.
However, in the pulp, POD activity increased with
fluctuations during ripening in all treatments, except for
the control that increased up to 3 days then remained
constant thereafter (Fig. 6d). The treated fruit exhibited
much higher POD activity than control during all
ripening periods, except for SA treatment after 3 days
that showed similar level as that of the control.

Rastegar et al. (2020) reported that PPO in mango
fruit pulp significantly increased during storage and was
lower in MT-treated fruit during cold storage. PPO is
generally associated with tissue browning of fresh
horticultural commodities via oxidizing phenolic
compounds into quinones during ripening and
senescence (Yoruk and Marshall 2003). A similar pattern
of POD change in the pulp was reported by Rastegar et
al. (2020) in which MT-treated mangoes showed higher
POD activity than the control during cold storage. It has
been reported that 0.1 MT produced contradicting effects
on POD activity in peaches during storage where MT
decreased POD activity at 1°C, in contrast to the results at
room temperature (Gao et al. 2016 and 2018). On the
other hand, MT treatment had no significant effects on
POD activity in pear fruit during ripening at 26°C (Zhai
et al. 2018). Regarding SA effects, our results confirmed
those of Ding et al. (2007) and of Vishwakarma et al.
(2018) where SA treatment increased the antioxidant
enzyme activities including POD but decreased PPO
activity of mango fruit during ripening. The lack of
additive effects for the SA and MT combination treatment
on fruit quality during ripening compared to when SA or
MT was used alone suggests a need for further study.

CONCLUSION

Postharvest dipping in 2 mM SA or 0.2 mM MT delayed
ripening, maintained and improved quality of ‘Sensation’
mangoes at ambient conditions via inhibiting hydrolytic
enzymes and enhancing antioxidant system of fruit and
is being suggested as natural alternative to synthetic
chemicals. However, SA and MT combination treatment
provided no additional positive effects on most quality
parameters of fruit.

The Philippine Agricultural Scientist Vol. 104 No. 1 (March 2021)



Postharvest Salicylic Acid and Melatonin Dipping

ACKNOWLEDGMENT

This project was funded by the Deanship of Scientific
Research (DSR) at King Abdulaziz University, Jeddah,
under grant G: 186-155-1440. The authors would like to
acknowledge with thanks the DSR for the technical and
financial support.

REFERENCES CITED

AL-QURASHI AD, AWAD MA. 2018. Postharvest
ethanolic extract of propolis treatment affects quality
and biochemical changes of ‘Hindi-Besennara’
mangos during shelf life. SciHortic 233: 520-525.

AO C, LI A, ELZAAWELY AA, XUAN TD, TAWATA S.
2008. Evaluation of antioxidant and antibacterial
activities of Ficus microcarpa L. fil. extract. Food
Control 19: 940-948.

ARNAO MB, HERNANDEZ-RUIZ J. 2015. Functions of
melatonin in plants: a review. J. Pineal Res 59: 133-
150.

ARNAO MB, HERNANDEZ-RUIZ J. 2018. Melatonin
and its relationship to plant hormones. Ann Bot 121:
195-207.

AWAD MA, AL-QURASHIA AD, EL-DENGAWY EFA,
ELSAYED MLI. 2017. Quality and biochemical changes
of ‘Hindi-Besennara’ mangoes during shelf life as
affected by chitosan, trans-resveratrol and glycine
betaine postharvest dipping. Sci Hortic 217: 156-163.

BAEZ-SANUDO M, SILLER-CEPEDA ], MUY-RANGEL
D, HEREDIA, ]JB. 2009. Extending the shelf life of
bananas with 1-methylcyclopropene and a chitosan-
based edible coating. ] Sci Food Agric 89: 2343-2349.

BARMAN K, ASREY R. 2014. Salicylic acid pre-treatment
alleviates  chilling injury, preserves bioactive
compounds and enhances shelf life of mango fruit
during cold storage. J Sci Ind Res 73: 713-718.

BRUMMELL DA. 2006. Cell wall disassembly in ripening
fruit. Funct. Plant Biol. 33: 103-119.

CAO S, BIAN K, SHI L, CHUNG HH, CHEN W, YANG
Z. 2018. The role of melatonin in affecting cell wall
disassembly and chilling tolerance in cold- stored
peach fruit. ] Agric Food Chem 66: 5663-5670.

DING ZS, TIANA SP, ZHENGA XL, ZHOUA ZW, XUA
Y. 2007. Responses of reactive oxygen metabolism
and quality in mango fruit to exogenous oxalic acid or
salicylic acid under chilling temperature stress.
Physiologia Plantarum 130: 112-121.

GAO H, LU Z, YANG Y, WANG D, YANG T, CAO MV,
CAO W, 2018. Melatonin treatment reduces chilling

Mohamed A. Awad and Adel D. Al-Qurashi

injury in peach fruit through its regulation of
membrane fatty acid contents and phenolic
metabolism. Food Chem. 245: 659-666.

GAO H, ZHANG ZK, CHAI HK, CHENG N, YANG Y,
WANG DN, YANG T, CAO W. 2016. Melatonin
treatment delays postharvest senescence and
regulates reactive oxygen species metabolism in
peach fruit. Postharvest Biol. Technol. 118: 103-110.

GOULAO LF, OLIVEIRA CM. 2008. Cell wall
modifications during fruit ripening: when a fruit is
not the fruit. Trends in Food Sci Technol 19: 4-25.

HATTORI A, MIGITAKA H, IIGO M, ITOH M,
YAMAMOTO K, OHTANI-KANEKO R, ET AL. 1995.
Identification of melatonin in plants and its effects on
plasma melatonin levels and binding to melatonin
receptors in vertebrates. Biochem Mol Biol Int 35: 627-
634.

HE ], REN Y, CHEN C, LIU ], LIU H, PEI Y. 2017.
Defense responses of salicylic acid in mango fruit
against postharvest anthracnose, caused by
Colletotrichum gloeosporioides and its possible mechanism.
J Food Safety 37: €12294.

HOFF JF, SINGLETON KI. 1977. A method for
determination of tannin in foods by means of
immobilized enzymes. ] Food Sci 42: 1566-1569.

HONG K, GONG D, XU H, WANG S, JIA Z, CHEN J,
ZHANG L. 2014. Effects of salicylic acid and nitric
oxide pretreatment on the expression of genes
involved in the ethylene signalling pathway and the
quality of postharvest mango fruit. New Zealand ]
Crop Horticult Sci 42: 205-216.

HUW, YANGH, TIEW, YAN Y, DING Z, LIU Y, WU C,
WANG J, REITER R], TAN D, SHI H, XU B, JIN Z.
2017. Natural variation in banana varieties highlights
the role of melatonin in postharvest ripening and
quality. ] Agric Food Chem 65: 9987-9994.

JHA SK, SETHI S, SRIVASTAV M, DUBEY AK,
SHARMA RR, SAMUEL DVK, SINGH AK. 2010.
Firmness characteristics of mango hybrids under
ambient storage. ] Food Eng 97: 208-212.

JIANG YM, ZHANG ZQ, JOYCE DC, KETSA S. 2002.
Postharvest biology and handling of longan fruit
(Dimocarpus longanLour.). Postharvest Biol Technol 26:
241-252.

JUNMATONG C, FAIYUE B, ROTARAYANONT S,
UTHAIBUTRA ], BOONYAKIAT D, SAENGNIL K.
2015. Cold storage in salicylic acid increases
enzymatic and non-enzymatic antioxidants of Nam
Dok Mai No. 4 mango fruit. Science Asia 41: 12-21.

The Philippine Agricultural Scientist Vol. 104 No. 1 (March 2021)

42



43

Postharvest Salicylic Acid and Melatonin Dipping

KITTUR FS, SAROJA N, THARANATHAN R. 2001.
Polysaccharide-based composite coating formulations
for shelf-life extension of fresh banana and mango.
Eur Food Res Technol 213: 306-311.

LIU C, ZHENG H, SHENG K, LIU W, ZHENG L. 2018.
Effects of melatonin treatment on the postharvest
quality of strawberry fruit. Postharvest Biol Technol
139: 47-55.

LIU S, HUANG H, HUBER DJ, PAN Y, SHI X, ZHANG
Z. 2020. Delay of ripening and softening in ‘Guifei’
mango fruit by postharvest application of melatonin.
Postharvest Biol Technol 163: 111136.

MANDAL D, PACHUAU L, HAZARIKA TK, SHUKLA
AC. 2018. Post-harvest application of salicylic acid
enhanced shelf life and maintained quality of local
mango cvRangkuai of mizoram at ambient storage
condition. Environ. Ecol 36: 1057-1062.

MILLER GL. 1959. Use of dinitrosalicylic acid reagent for
the determination of reducing sugar. Analytical Chem
31: 426-429.

MIRANDA MV, FERNANDEZ LAHOR HM, CASCONE
O. 1995. Horseradish peroxidase extraction and
purification by aqueous two-phase partition. Appl
Biochem Biotechnol 53: 147-154.

MITRA SK, BALDWIN EA. 1997. Mango. In: Mitra, S.K.
(ed) Postharvest physiology and storage of tropical
and  subtropical fruits. CAB
Oxfordshire, pp. 85-121.

NARAYANA CK, PAL RK, ROY SK. 1996. Effect of pre-
storage treatments and temperature regimes on shelf-
life and respiratory behaviour of ripe Baneshan
mango. ] Food Sci Tech 33: 79-82.

PRASAD K, SHARMA RR. 2018. Salicylic acid influences
lenticel ~ discolouration and physiological and
biochemical attributes of mango (Mangiferaindica L.)
fruits. J. Plant Biochem. Biotechnol. https://
doi.org/10.1007/s13562-018-0439-9.

RANGANNA S. 2000. Handbook of analysis and quality
control for fruit and vegetable products, 2! ed. Tata
McGraw-Hill Publishing Company Ltd., New Delhi,
pp. 83-87.

RASKIN I. 1992. Salicylate, a new plant hormone. Plant
Physiol 99: 799-803.

RASTEGAR S, KHANKAHDANI HH, RAHIMZADEH
M. 2020. Effects of melatonin treatment on the
biochemical changes and antioxidant enzyme activity
of mango fruit during storage. Sci Hortic 259: 108835.

international,

Mohamed A. Awad and Adel D. Al-Qurashi

RAZZAQ K, KHAN AS, MALIK AU, SHAHID M. 2015.
Effect of oxalic acid application on Samar Bahisht
Chaunsa mango during ripening and postharvest.
LWT-Food Sci Technol 63: 152-160.

SHAFIEE M, TAGHAVI TS, BABALAR M. 2010.
Addition of salicylic acid to nutrient solution
combined with postharvest treatments (hot water,
salicylic acid, and calcium dipping) improved
postharvest fruit quality of strawberry. Sci Hortic.
124: 40-45.

SHAH J. 2003. The salicylic acid loop in plant defense.
Curr Opin Plant Biol 6: 365- 371.

SIVAKUMAR D, JIANG Y, YAHIA EM. 2011
Maintaining mango (Mangifera indica L.) fruit
quality during the export chain. Food Res Int 44: 1254
-1263.

SRIVASTAVA MK, DWIVEDI UN. 2000. Delayed
ripening of banana fruit by salicylic acid. Plant Sci.
158, 87-96.

TAREEN M], ABBASI NA, HAFIZ, TA. 2012. Effect of
salicylic acid treatments on storage life of peach fruits
CV. Flordaking'. Pak ] Bot 44:119-124.

TERRY LA, JOYCE DC. 2004. Elicitors of induced
disease resistance in postharvest horticultural crops:
a brief review. Postharvest Biol Technol 32: 1-13.

VISHWAKARMA SK, SINGH RP, SINGH P, KEWAT
RN. 2018. Impact of salicylic acid and card board
carton on quality attributes of mango varieties. Inter J
Chem Studies 6: 144-148.

WANG L, LIS. 2008. Role of salicylic acid in postharvest
physiology. Fresh Produce 2 (1), 1-5.

WANG T, HU M, YUAN D, YUN Z, GAO Z, SU Z,
ZHANG Z. 2020. Melatonin alleviates pericarp
browning in litchi fruit by regulating membrane lipid
and energy metabolisms. Postharvest Biol Technol
160: 111066.

XIAO D, SHI'Y, BRANTLEY SL, FORSYTHE B, DIBIASE
RA, DAVIS KJ, LI L. 2019. Predominant control of
soil properties in storage-discharge relationship and
threshold behavior in catchments derived from
contrasting lithologies. Water resources research (in
review).

XU T, CHEN Y, KANG H. 2019. Melatonin is a potential
target for improving postharvest preservation of
fruits and vegetables. Front. Plant Sci. 10, 1388.

The Philippine Agricultural Scientist Vol. 104 No. 1 (March 2021)



Postharvest Salicylic Acid and Melatonin Dipping

YASHODA HM, PRABHA TN, THARANATHAN RN.
2006. Mango ripening: changes in cell wall
constituents in relation to textural softening. J Sci
Food Agric 86: 713-721.

YORUK R, MARSHALL MR. 2003. A survey on the
potential mode of inhibition for oxalic acid on
polyphenol oxidase. ] Food Sci 68: 2479-2485.

ZENG KF, CAO JK, JIANG WB. 2006. Enhancing disease
resistance in harvested mango (Mangifera indica L.
cv. “Matisu”) fruit by salicylic acid. J Sci Food Agric
86: 694-698.

ZHAIR, LIU J, LIU F, ZHAQOYY, LIU L, FANG C, WANG
H, LI X, WANG Z, MA, F. XU L. 2018. Melatonin
limited ethylene production, softening and reduced
physiology disorder in pear (Pyrus communis L.)
fruit during senescence. Postharvest Biol Technol 139:
38-46.

Mohamed A. Awad and Adel D. Al-Qurashi

ZHANG Y, HUBER DJ, HU M, JIANG G, GAO Z, XU X,
JIANG Y, ZHANG Z,2018. Delay of postharvest
browning in litchi fruit by melatonin via the
enhancing of antioxidative processes and oxidation
repair. ] Agric Food Chem 66: 7475-7484.

ZHANG Z, YANG D, YANG B, GAO Z, LI M, JIANG Y,
HU M. 2013. g-Aminobutyric acid induces resistance
of mango fruit to postharvest anthracnose caused by
Colletotrichum gloeosporioides and enhances activity of
fruit defense mechanisms. Sci Hortic 160: 78-84.

ZHISHEN J, MENGCHENG T, JIANMING W. 1999. The
determination of flavonoid contents in mulberry and
their scavenging effects on superoxide radicals, Food
Chem 64: 555-559.

The Philippine Agricultural Scientist Vol. 104 No. 1 (March 2021)

44



